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is the demand rate at any time t T : Cycle length : Order quantity in the cycle I : Inventory Carrying charge C(t) : Unit cost of the item at any time t A(t) : Ordering cost of the item at any time t h : Inflation rate per unit time r : Opportunity cost per unit time : Rate of deterioration
Introduction
Inventory or stock refers to the goods and materials that a business holds for the ultimate purpose of resale (or repair). Inventory management is a science primarily about specifying the shape and percentage of stock goods. It is required at different locations within a facility or within many locations of a supply network to precede the regular and planned course of production and stock of materials. The scope of inventory management concerns the fine lines between replenishment lead time, carrying costs of inventory, asset management, inventory forecasting, inventory valuation, inventory visibility, future inventory price forecasting, physical inventory, available physical space for inventory, quality management, replenishment, returns and defective goods, and demand forecasting. Balancing these competing requirements leads to optimal inventory levels, which is an ongoing process as the business needs shift and react to the wider environment. Inventory management involves a retailer seeking to acquire and maintain a proper merchandise assortment while ordering, shipping, handling, and related costs are kept in check. It also involves systems and processes that identify inventory requirements, set targets, provide replenishment techniques, report actual and projected inventory status and handle all functions related to the tracking and management of material. This would include the monitoring of material moved into and out of stockroom locations and the reconciling of the inventory balances.
Supply Chain Management (SCM) is an essential element for operational efficiency. SCM can be applied to customer satisfaction and company success, as well as within societal settings, including medical missions; disaster relief operations and other kinds of emergencies; cultural evolution; and it can help improve quality of life. Because of the vital role SCM plays within organizations, employers seek employees with an abundance of SCM skills and knowledge.
Deterioration of physical goods is one of the important factors in any inventory and production system. The deteriorating items with shortages have received much attention of several researches in the recent year because most of the physical goods undergo decay or deterioration over time. Commodities such as fruits, vegetables and food stuffs are kept in store by direct decay trick from reduction. The demand function relates price and quantity. It tells how many units of a goods will be purchased at different prices. In general, at higher prices, less will be purchased. Thus, the graphical representation of the demand function has a negative slope. The market demand function is calculated by adding up all of the individual consumers' demand functions. Economic order quantity (EOQ) model is the method that provides the company with an order quantity. By using this model, the companies can minimize the costs associated with the ordering and inventory holding. In 1913, Ford W. Harris developed this formula whereas R. H. Wilson is given credit for the application and indepth analysis on this model.
The model is used to calculate the optimal quantity which can be purchased or produced to minimize the cost of both the carrying inventory and the processing of purchase orders or production set-ups. Basu et al. (2007) proposed a general inventory model with due consideration to the factors of time dependent partial backlogging and time dependent deterioration. Sharma, et al. (2013) established an inventory model for deteriorating items, the rate of deterioration following the Weibull distribution with two parameters. The demand rate is time dependent. Ghare and Schrader (1963) industrialized a model for an exponentially decaying inventory. Inventory models with a time dependent rate of deterioration were considered by Covert and Philip (1973) , Mishra (1975) and Deb and Chaudhuri (1986) . In these models shortages are completely backlogged.
In developing mathematical inventory model, it is assumed that payments will be made to the supplier for the goods immediately after receiving the consignment. In day-to-day dealings, it is observed that the suppliers offer different trade credit policies to the buyers. One such trade credit policy is " net T" which means that a discount on sale price is granted if payments are made within days and the full sale price is due within days from the date of invoice if the discount is not taken. Ben-Horim and Levy (1982) , Chung (1989) , Aggarwal and Jaggi (1994) discussed trade-credit policy of type " net T" in their models. Aggarwal et al. (1997) investigated an inventory model taking into consideration inflation, time-value of money and a trade credit policy " net T" with a constant demand rate. Lal and Staelin (1994) examined an optimal discounting pricing policy. In this paper, an attempt has been made to extend the model of Aggarwal et al. (1997) to an inventory of deteriorating items at a constant rate . Also the demand rate is taken to be non-linear instead of a constant demand rate. Sensitivity of the optimal solution is examined to see how far the output of the model is affected by changes in the values of its input parameters.
So far I know in literature inventory with non-linear demand for deteriorating items has not considered. That is why in our model we have considered deteriorating with shortage inventory as a non-linear demand function. The objectives of this study are to (i) develop an inventory model for deteriorating items with deterioration rate when the demand is considered as a nonlinear function of time and, (ii) determine an optimal solution of the inventory model with cash flow. Further, it is considered that a percent discount of sale price is granted if payments are made within days and the full sale price is due within M days from the date of invoice if the discount is not taken.
Outline of the paper
In this paper we have introduced several elementary properties of the stationary inventory process and literature review in Section 1. We have also constructed the mathematical formulation and solved it in Section 2. Section 3 describes the numerical results and graphically representation of the formulated model. Finally, we have summarized the results and proposed directions for future research in Section 4.
Mathematical Formulation
The exponential function has the form:
where is a constant called the base of the exponential function, and tis the independent variable. Thus exponential function has a constant base raised to a variable exponent. In economics exponential functions are important for looking at growth or decay.
Examples are the value of an investment that increases by a constant percentage each period, sales of a company that increase at a constant percentage each period, models of economic growth or models of the spread of an epidemic.
Mathematically and
Following assumptions are made: This equation also needs to be solved numerically.
Result Discussion and Computation Analysis
In this section, a numerical example is given to illustrate this maintenance model. We consider parameter numerical example to valid our model for discount.
Let in appropriate units. Solving the highly non-linear equation (2.10) for with discount by Bisection method, we get the optimum value of T, Substituting T in equation (2.8), we get the optimum value of as .
We consider parameter numerical example to valid our model for without discount. Let appropriate units. Solving the equation (2.13) for without discount by the same method as in with discount case, we get the optimum value of T, . Substituting T in equation (2.8), we get the optimum value of as . Based on the numerical examples considered above, a sensitivity analysis of T, , is performed by changing (increasing or decreasing) the parameters by 10% and 50% and taking one parameter at a time, keeping the remaining parameters at their original values.
The percentage error is calculated by the formula: (measured value-actual value) *100/actual value.
Sensitivity Analysis
Sensitivity analysis of the model is also performed with respect to unit price of purchase, replenishment cost, inventory carrying cost, deteriorating cost and inflation rate. The model also judges the sensitive analysis of the parameters on ordering quantity and total system cost. Those results provided further insight in the nature of the problem studied and summarizes in Table 2 .1 and 2.2. It is observed that if the value of parameter ordering cost, unit cost, inflation rate, inventory carrying charge and deterioration rate increase then the cash flows of ordering cost, unit cost, inflation rate, inventory carrying On the other hand, the value of opportunity cost increase then the cash flows of opportunity cost decrease in both case discount and without discount (see Figure 2. 3).
Further, discount and without discount case economic order quantity and incurred cost decrease as ordering cost increases (see Tables 2.1 and 2 .2), but this increment is nonlinear.
Conclusion
The model has developed here deals with the optimum replenishment policy of a deteriorating item in the presence of inflation and a trade credit policy. It is observed that there is no significant change in the optimum value of the present worth of all future cash flows in the discount case and without discount case. It is observed that if the ordering cost and unit cost decrease, then the cash flow also decrease both cases. On the other hand, in both cases cash flow increases if opportunity cost decreases. Hence the discount case is considered to be better economically.
